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QUANTTTATIVE ANALYSIS FOR AROMATIC AMINZS IN AVIATION
FUETS BY ULTRAVIOLET SPECTROPHOTOMETRY

By Adelbert 0. Tischler

SUMMARY

A method of quantitative manalysis for individual aromatic
amines or mixtures of arcmatic amines in hydrocarbon fuel blends
by speotrophotometric measurement of ultraviolet-light absorption
is presented, The effect of the preclsion of the spectrophoto-

metric measursments, the purity of the aramatlc amine, pliotochemlcal

decomposition of the emine, and the composition of the fuel on the
accuw;racy of the analysis 1s discussed and the repoults of tests of
the precision of the pirocedure are given.

The accuracy of the spectrophotometric method depends upon
the purity of a standard cample :sed for calibration purposes, as
well as the extent of contamination of the fuel witk other sub-
stances whick absorb nltraviolet light iIn the region from 3050 to
2800 A wavelencth and whick can be extracted from the fuel by
agueous hydrociloric acld along with the amine, The anslsis 1s
not affected by the type of hydrocarton in the gasollno, nor éo
tetraethyl lead or ethyl-fluid dye in the amounte usually present
in aviation fuels interrere, In analyses of typical hydrocarbon
and gasollne solutlons contelning various aromatic emines in con-
centrations from 0.4 to 1.7 porcert by weight, results accurate,

on the average, within 1/2 percent of tle amine have been obtained,

INTRODUCTION

The need for large quantities of aviation gesoline of high
antiknock rating lod to the limited use of blends containing up to
3 percent of aramatic amines In fuels for military aircraft.
Because a number of different eromatic amines and thelr mixtrues
have been considered for this purpose, it has been nocessary to

develop methods of quantitative analysis for various amines in
gasolina,
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In the past, chemical methods of analysis have been used, the
most practical of. which were besed on titration of the amine with
an acid. According to reference 1, titration with aqueous hydro-
chloric acid is not entirely satisfactory because the gasoline com-
position, particularly if aromatics are vresent, affects the results
and tertiary emines, such as N,N-dimethylaniline, cannot be deter-
mined. In general, methods employing titration have been somewhat
limited in scope and the accuracy hes not been better than about
1 percent of the amount of amine present.

Spectrametric measurements of the ultraviolet-light absorption
of aromatic emines have been used at the NACA Cleveland laboratory
for about 2 years to dotermlne the concentration of aromatic amines
in aviation fuel blends. The spectrometric method 1s more accurate
than the titration methods and has proved to be applicable to the
quantitative determination in hydrocarbon solutions of all monoaryl
amines tested at this laboratory. Quantitative analysis of technlcal
xylidines in gasoling by spectrophotometry has been reported by the
Tochnical Advisory Comittee of the Petroleum Industry War Councill
(reference 2).

This report desdribes en ultraviolet spectrochemlcal method of
gquantitative analysis for individual arcmatic amines (or for mix-
tures of amines) in amine-fuel blends. Factors that affoct the
analysis are discussed and date are presented to show the precision
of the method for several typical types of analysis made with a
photoelectric spsctrophotometer having l-centimeter absorption cells
(reference 3). Absorption spectra obtained with this instrument are
given in reference 4 for 27 aromatic aminos in isococtane and in water
.togetkher wilth a4 discusslon of some factors which have been found to
affect the aﬁsorption characteristics of the amines. A discussion of
qualitative enalysis 1s not attempted in the present paper and it 1s
assumed throughout that the identity of the aromatic amine or aro-~
matic emine mixture is known.

FRINCIPLES OF SPECTROPHOTOMETRIC DETERMINATTON OF AROMATIC AMINES

Monocaryl amines absorb ultravioclet light of wavelengths from
about 3100 A to loss than 2000 A and have & characteristic absorption
band at about 2900 A, Although tho absorption spectra of individual
arcmatic amines 1n hydrocarbon solutions differ somewhat, the seclec-
tive absorption of ultraviolet light of about 2900 A wavelength is
distinctive of aromatic amines in gasoline. Aromatic and olefinic
hydrocarbons have their principle absorption at shorter wavelengths
although weak absorption at 2900 A is possible, whereas paraffinic
and naphthenic hydrocarbons are transparent to near-ultraviolet light.
Aromatic amines absorb ultraviclet light at 2900 A sufficilently to
facilitate the detection of concentrations as small as 10~° percent
in ultravioclet-light-transparent solvents.
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The absorption of ultraviolet light by aromatic amines does
not preclude the spectrometric determination of arcomatics in fuel
blends (réference 5) because the emine-can -be selectlvely removed
from the hydrocarbon solution with aqueous acids. The chemlcal
reactivity of aromatic amines wlth aqueous acids also permlts the
elimination of possible Interference in the amine analyses by aro-~
matics or unsatureted hydrocarbons. A detallsd discuesion of the
principles of eliminating interference by ardimatlic and olefinio
hydrocarbons is given in appendix A.

The determination of an individual aromstlic amins in a fuel’
sample 1s based on the following procedurs:

l. A measured portion of the fuel sample containing the aro-
matic amine 1s diluted quantitatively with an ultraviolet-llght-
transparent hydrocarbon solvent to a concentration for which the
light absorption by the amine l1s measurable.

2. The aromatic amine 1s extracted wlith hydrochlorlc acid
from a portion of the dilluted sample.

5. The difference In ultraviolet-light :bsorntlion between the
unextracted end the extracted hydrocarbon solution ls measured
spectroohotometrically.

4. The net ultranviolet-light abscrption of the samrle 1s com-
pared with that of a standard sclution contrlning a known cmount
of the aromatlic amine nnd the concentration of the unknown sample
calculated. The Beor-Lambert law is assumed to be valid.

It 1s apparent that the concentration of a mixture of aromatic
amines In a fuel sample can be determined in s similar manner, pro-
viding that a sample of the amine mixture can be obtained for deter-
mining the absornwtlon of a standard solution.

ANATYTTICAT, PROCEDURE

For spectrophotometric measuiement of the light absorption of

the eromatic amine, the fuel sample is dilutod with isooctane to a
" concentration of aprroximately 0.03 gram of aromatic amine per liter
of isooctane (approximately 0.004 percent by weight). This concen-
tration ylelds absorntion measurements in tine ontimm range from 0.4
to 0.7 1n extinction (40 to 20 percent light transmission) for most
monoaryl amines boiling below 250° C. Throughout this paper the
vaelues of light absorption are expressed in terms of extinction
rather than as percentage of light transmissilon because the extinc-
tion is proportional to the concentration of the absorbing solute
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vhen the Beoer-Lambert law holds. The extinction is the negative
logarithm of the ratlo of light intensity transmitted through the

gsolution cell to that transmitted through a matched cell contailning
the solvent.

The specific extinctions for the particular amine or known
amine mixture ln the fuel blend must be determined befcre the amine
in the fuel can be determined quantitatively. (See step 4 of pro-
cedure outlined in preceding section.) At a particular wavelength
the specific extinction 1s a proportionality factor that relates
the extinction orf the aromatic amine solution for a cell of unit
length with the concentration of the eromatic amlne; the factor is
obtained from measurements of the uwltravioclet-light absorption . f a
fuel sample that contains a known concentraticn of the aromatic amine
to be determined.

A commercial grade of isooc*sne (known as S reference fuel) has
been found sultable for dilution of the samples for routine analysis.
Yscoctane that 1s not sufficlently traneparent tc ultravliolet light
may be purlfied by a procedure deecribed in reference 6.

Determination of Specific Extinctions of the
Standard Aromatlic Amine Solution

A weighed amount of the arometic amine (or aromatic amine mix-
ture) to be determined 1s dissolved in & welghed amount of Ffuel to
prepare an smine-fusl blend of ¥mown concentratlon approximately
oqual to that of tho aromatic amine in the fuel samples to be ana-
lyzed.. For maexlmum uaccuracy It 1s preferable to dlssolve the amine
in a fuel simllaer in composlition to the fuel samples to be analyzed.
A welighod portion of the prepared amine-fuel blend l1s then dlluted
to a speciric volume wlth lscoctane untll the final solutlon of at
loast 100 milliliters has a concentration of aromatlc amines of
about 0.03 gram per llter of isnoctane solution. In order to con-
serve solvont, the final dilutlon iln isocooctane 1s obtalned by a
serlos of two dilutions.

About 50 milliliters of the isooctanc solution are transfoerred
Into a 250-milliliter scparatory funnsl having an ungreased stoprcock.
(Sclution of grease by the fuel may vitiate the analyses.) The aro-
matic amines are extracted with 5 milliliters of 1l:1 hydrochloric
acid by asgitating the liquids in the soparatory funnel for 2 minutes.
The hydrochloric-acid layer is then separated from the 1sooctens solu-
tion end tho acld remeining in the lswoctane layer 1s removed by
weshing with 5 milliliters of dlstilled water.
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After the water has settled out of the isoootans solutlon, one
of the cells of -the- spectrophotometer.is filled.-with a portion of
the extracted isooctane solution. A second cell is filled with a
portion of the unextracted part of the iscoctane solution. The
extinctions E of the solution 1n the second cell are measured
relative to the solution in the firet cell at three wevelengths
spaced at intervals of approximately 25 A over the pesk of absorption
in the region of 2900 A for the particular emine (or emine mixture)
being determined (see appendix B).

The specific extinction k of the aromatic amine at each wave-
length is calculated from the equation

]!)\V
kN = o

where

k) specific extinction at wavelength A oxpressed as liters
per gram-~centimeter

E) measured extinctlon at wavelsngth A for unextracted isooctane
solutlion relative to extracted isooctane solution

c oconcentration of aromatio emine in originul amine-fuel blend,
grams per gram

i length of absorption cells, centimeters
W wolght of original amine-fusl blend taken, grams

v volume to which W is diluted in final isooctane solutlon,
llters

Anslysis of Fuel for Aromatlc Amine Content

A sample of the fuel to be analyzed is weighed end diluted
volumetrically with isooctane to & concentration of the known aro-
matic emine of sbout 0.03 gram per liter. AdJustment of the sample
solution to the appropriate emina concentration may require prelimi-
nary trial dilutions. Part of the diluted semple l1s extracted with
agueous hydrochloric acld and the extinctions of the unextracted
portion, relative to ths portion from which the amine has been
extracted, are measured at the wavelengths previously used for the
standard sample.
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The concentration of the arcmatic emine in the original fuel
sample 1s calculated from each measured extinction using the
equatlon:

E\V
kW

wvhere E\, V, and W here refer to the analyeis of the unimown
sample.

CcC =

Three values of ¢ can be calculated from the extinctlons at the
three different wavelengths. The three values are averaged to
obtain the result of the analysis., For more precise analyses, the
extinctions for both unknown and standard samples can be measured
at a greater number of wavelengths and the results of independent
analyses can be averaged.

The calculations in the foregoing procedure yleld the weight
fraction of aromatic amine in the fuel. Results may also be
obtained on a volume-percentage basis provided that consistent sets
of measurements and units are employed in the calculations.

FACTORS THAT MAY AFFECT ANALYSES
Precision of Spectrophotometric
Mesgurement of Extinction

Relation between extinctlon and concentration of amins. - In
the calculations given in the Analytical Procedure, the Beer-Lambert
law is assumed. to hold. Although this assumptlicn 1s generally valid
for absorption of monoochromatic radiation, most ultraviolet speotro-
photometers transmit wavebands from 20 to 100 A and the relation
between extinotion and aromatic amine concentratlion should be veri-
fled. For the spectrophotometer used at thlis leboratory the extinc-
tion readings of several dilutions of a solution of technical
xylidines in isooctane, measured at 2925, 2900, and 2875 A, were
found to be nroporticnal to the concentrations of the aromatic amine
mixture for extinction values up to about 1.0, Values of the specifilc
extinotions of the technical xylidines, caloulated from the measured
extinctlons, agreed within an average doviation of less than 1/4 per-
cent. The results are tabulated in table 1.

Choilce of wavelengths and spectrophotometer slit widths. -~ The
extinctlons determined for each aramatic amine will depend upon the
wavelengths and the slit wldths used and the absorptlon-cell lengths.
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In gensral, the wavelengths used for quantitative analysis of
individual ercmatio amines lle near the peak of the 2900 A absorp-
tion band for the particulai amine. The effects of small errors in
wavelength setting on the results are usually negligible for absorp-
tion spectra showing broad continuous bands, particularly at or nsar
an absorption maximum. For the spectrophotometer used this source
of error wus negligible relative to other sources of uncertainty in
the analyses for aromatic amlnes.

‘ For the analysis of the aromatic amines, changing the spectro-
photometer slit widtha from 0.3 to 0.5 milllimeter was found to have
no slgnificant effect on the measured extinctions except for amlneas
having complex ebsorption spectra, nemely, aniline and the
p-alkylanilines. B8lit widths of 0.3 millimeter were ordinarily
used for the analyses.

Absorption cells. - "Matched" quartz absorption cells seldom
match exactly, elther in optical length or in absorption by the
quartz windows. Errors greater than 1/2 percent may result if
these factors are lgnored.

For the analysis of typical aviation fuels by the method
described, the error in the analysis caused by the use of cells 4if-
fering in length by 1 percent is estimated to be 1/2 percent. The
error 1is minimized in the case of aromatic amine solutions which
heve no other substances that absorb ultraviolet light at the wave-
lengths used for the analysis.

The corrections for differsnces in absorption by the quartz
vindows of the absorption cell are cobtained after carefully cleaning
the cells with ethyl alcohol. Bouth cells are then filled with the
isooctane solvent, and the extinction of the solution cell 1s
measured relative to the reference cell. The extinction correction
for the solution cell at each wavelength is subtracted algebraically
from the extinction of each solution measured in that cell.

Purity of the Aromatic Amine

Because the method of analysis is based on a comparison of
the absorption of an amine in the unknown sample with the ebsorption
of the amine diseolved in a standard hydrocarbon solution, the abeo-
lute accuracy of the determination is dependent upon (1) the abso-
lute purity of the amine used in preparing the standard emine-fuel
blend and (2) the purity of the amine in the fuel being analyzed.
Obviously, any impurity that alters the absorption spectrum of the
emine in the fuel or the amine used for the standard amine-fuel
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hlend will affect the results. For example, supposs the fuel
blender adds to e gasoline an aromatic amine which i1s 99 perceu.
pure and which contains as an lmpurlty 1 percent of a different
aromatic amine with twice the specific extinctlon of the amine
added. In the analysls, the measured extinctlons will then be

1 percent higher than if the amine had been =zbsolutely pure. Sup-
pose also that the analyst obtains a sample of the aromatic amine
which is cnly 97 percent pure and which contains 3 percent of aro-
metic hydrocarbons that absorb relatively weakly at the wave-
lengths used for analysis of the aromatic amine. The specific
extinctions determined for the amine willl be nearly 3 percent lowsr
than they would be for the pure amine. The resultant ecnalysls of
the aromatic amine In the blended fusl will be about 4 percent
higher then 1t should be because of these cumulatlve error factors.
Thus 1t 1s evldent that the purlity of the amines anaslyzed and par-
tlcuwlarly of the omine used for a standard is an Important factor
in establishing the acouracy of the analysis. On the other hand,
i1f the cnalyst recelves from the fuel blender a sample of the amlne
added to the fuel, he may then onulyze the fuel in terms of the
added aromatic amine with nn necuracy limlted primarily by the pre-
clslon of the anelytical technigue, even though the results are not
necesparily corrcct in terms of a pure amlne.

The most common impuritles 1n an aromatic amine are lsamers of
the amline. The presence of consliderable amounts of lsomeric aro-
matic amines, which usuelly have similar absorption spectra (refer-
ence 3), cun often be tolerated without seriously affecting the
accuracy of the analyses. For exnmple, the presence of 5 percent
2,6-xylidine In 2,4-xylidine would cause the nnalysis for 2,4-xylidine
at a wavelength of 2950 A to be 1 percent low in total amine and
only 0.2 percent high at 2900 A.

The presence of impuritles in the amino blended in the fuel or,
possibly, in the amine sample used in preparing the standard solutionm,
mry often be detected by discrepancies in the calculated values of
amine concentration in the sample. In the procedure described, three
values of ¢ are calculated from the measured extinctions at the
throe dilfferont wavelengths. Varilations among these threoe values of
¢ greator than +1/2 percent for a single sawple indlcate that the
aromatic amine (or aromatic amine mixture-) in the blended fuel may
not be ildentical with tho amine sample used to dotermine the specific
extinctlons.

Photochemical Decomposition of Arometic Amines
Teste at the Cleveland luborutory have shown that the sromstic

amines are unnffected by infrared and vislble radietion, but wltra-
violet radiation from a quartz mercury-arc lemp induces distinct
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changes in the absorption characteristics of aromatic amines in
bydrocarbon solutions. Because tho ultraviolet radiation of the
meroury-arc lamp was many times more intense -than that of sunlight,
it appears that the aromatic amines would not bo sexriously affected
during a short exposure to sunlight in transferring a fuel sample
from one contalner to another. It eppears, howevor, that the amlne
dotormination of a fuel somple thet has boen stored in a glass
bottle and exposod to sunlight for consldorable time mlight be
sorlously in error because of the offect of the light on the absorp~
tion charactoristics of the arcmatic amine., Fuel samples which are
to be stored hefore analysls must therefore be protected from expo-
sure to strong light by storing them 1n lightprcof containers.

The results of reference 4 also show that the ultraviolet light
in the spectrophotometer is not suffliclently intense to affect the
extinction measurements of the aromatic amines by as much as
1/2 percent, provided that the measurements are completed within
10 minutea. These results indicate, however, the desirabllity of
measuring the extinctions of the solutione quickly and systematically.

Composition of Fuel

The absorption spectra of an aromatic amlne may be modified by
the solvent used (see reference 4). Solutions of arcmatic amines
measured with the spectrophotometer are generally very dilute lso-
octane solutions containing only relatively smanll amounte of the
hydrocerbons composing the fuel sample. The magnitude of the effect
of the compositlion of the original amine-blended fuel on the pre-
clision of the analyses was studled. Four fuel components - isooctane,
cyclohexnne, toluene, and diilsobutylene - representing the four typi-
cal classes of hydrocerbons (paraffins, naphthenes, aromatics, and
olefins) and a typlcal aviation fuel, AN-F-28, containing tetraethyl
lead, dyes, and inhibitor, were used to prepare blends having about
1l vercent by volume of en aromatic amine mixture. The specific
extinctions of the aromntic amine mixture in each of the five solu-
tions were determined at intervals of 25 A in the range fram 2800
to 3000 A by the procedure previously described. Results of two
Independent tests are given in tables 2 and 3 for two aromatic amine
mixtures of different composition. The average devlation between
calculated means of the specific extinctions at nine wavelengths
for the emine mixtures in the five solvents was loss than 1/2 percent.

The acouracy of the analysis may also be affected by ultraviolet-
absorbing contaminents in the fuel that ocan be extracted by hydro-
chloric acid, such as phenolic oxidation inhibitors, tetraethyl lead,
and ethyl-fluld dye. The occurrence of such compounds in aviation
gasoline in sufficlent quantity to affect the measured extinctions
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of the sromatlic amine at the 500-fold dilution usually used in
analysis is extremoly unlikely and their effect on the rosults 1s
in most cases Insignificant, The foregoing results show that the
vrosence of ethyl fluild, for example, bas little or no effect on
the resulte obtalned. |

Temperatiire and Evaporation

Tho offect of temperature on the analysos was not investi-~
gatod. The rusulis roported worc obtained in a room with the tem-
veraturo covroximately constant at about 25° C. The offect of
varying tomporature on tho annlyses comnot be disrognrdod for not
only would difforences of 5° C In tho temperature cause errors of
about 1/2 porcent in the volumetric moasurement of tho 1scoctane,
but temmerature changes also gunerally affoct absorption snectra
(rofersnce 7).

No difficulties wore uvbsorved as a resuit of wvaporation of
tho isosctene solvent during the 3 tn 5 minutes roguired for the
moasuremont of each sample, although no covors woru usud cn tho
abeorvtion colls., In this revepect, lscoctano bocauso of its higher
bolling point has u docidod advartage ovor hoxane or wthor llghter
hydrocarbons.

TESTS OF PRECISION

The preeision ddscussod in thils scotion i1s tho roproduciblility
of the rusults of annlyses for an aromatic amino rulaotivo to the
same amine as a standard. In order tc tost tho vrecislon cf the
analytical technlque two series of tosts were made, onc involving
the analysis of' a single arcmatic samine in a singlu tynmo of fuel
gtock nnd the othor Invilving the analysis of aromatlic amine mix-
turos in various "typos of hydroecarbon fuol. Tho rosults of suck
tosts should indicato ths procision thut may be oxpected in tho
analysis of aromuatic aminos under difforont clrcumstancos, bocause
thu first tosts favor good rprocision wiwreas the socond tests prou-
sont conditicns mors wafavorablo to good roproduclibility.

For thc first tuste n sorica of 12 sumplos of Iuuvl containing
wolghed amounts nf < samnlc of p-cumidino (p-isoprorylaniline) wus
rroparvi. Tho gascline usod centelacd cpnoroximately 12 porcont
aromutics nnd nbout 1.0 milliliter of totraothyl luad nor gellon.
Tho p-cumidino concontration in cuch samplc was about 0.36 porcunt
by wolght. The semplos wore anulyzed wilb the svuctrochotumeter
by the proccdure given in this roport. Onc of ths pruvared samples
wng arbltrarily choscon :8 o standard sammle and the aanlysos «f tho
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others wers based on the specific extinctions calculated for the
standard sample at three wavelengths. The concentrations of each
sample, calculatod rrom the extinctions at each of the throe wave-
lengthas, are given in table 4. The percentage deviatlions between
the wolghed and the spoctrophotametrically determined amine con-
centrations are listed. The mean deviatlon was about 1/3 percent.

The data 1llustrating the second serlos of tests are glven in
tables 2 and 3 but are presented 1n table 5 in a different form as
a study of the preclsion of the method under unfavorable analytical
circumstances. The data for an amine-tolucne blend were used in
vach set of analyses to determinc the spocifilc extinotlons of the
amine mixtures. The concentrations of amineo mixbures in the other
samples were caloculated at three wavelongths across the peak of
the absorption ourve for each mixture. Thoe mean deviation between
the welghed and the snectrophotometriocally determined concentratilons
wag slightly greater than 0.4 percent.

The precision of routino analyses of an aromatic amino in con-
contrations up to 3 percent by volumo 1In a single type of fuel stock
may bo expected to lle botweon the values given in the two groups
of tests doscribed. The test results show an avorage doviation of
loss than 0.5 percoent and no errurs as largo as l.D porcont.

CONCLUDING REMARKS

Ultraviolet spectrophotometric teuchnliques were found to bo
appllocables tu tho quantitative analysis for individual aromutlc
aminos and known mixtures of aromatic amines in ecviation fuels. As
an example, typlcal hydrocarbon and gasolino solutions contalining
monoaryl amines in concentrations from 0.4 to 1.7 norcent by welght
wore analyzed aepectrophotametrically and results accurate, on the
averags, to within 0.5 percont of the amine were obtained. The
identity of the sromatic amines in the fuol must bov known.

In principle, the absolute accuracy of tho snectrovhotometrio
method 18 depondent upon the purity of a standard amine sample used
for calibration purposes and also upon the extent of contemination
of tho fusel with other substances which absord light in the region
from 3050 to 2800 A and which are extracted along witia the amine
by aqueous hydrochlorilec acid.
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The analysis of the aromatic amine content of hydrocarbon
fuels ns tested experimentally was not affected either by the
type of hydrocarbon in the fuel or by ethyl fluld 1n the amounts
usually present 1n aviation fuel.

Alrcraft Engine Research Laboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohlo.
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APPENDIX A

PRINCIPLE .- OF ELIMINATING INTERFERENCE ﬁf
ULTRAVIOLET-ABSORBING HYDROCARBONS

The principle of the spectrometric method for quantlitative
analysis of mromatlc amines in the presence of hydrocarbons that
also absorb ultraviolet light may be 1lluatrated by discussing
the absorption of an assumed hydrocarbon fuel containing an aro-
matic amine. For example, consider o fuel blend that has 3 per-
cent of an arumatic amine (N-methylaniline) and 30 percent of
ultraviolet-absorbing substonces typicel of those found 1in hydro-
‘carbon fuels. These substaonces are primarily arcmatics and clefins
and, 1f the fuel is lended, will include the tetraethyl lead and
ethyl dye in the ethyl {luid. According to the procedure reported,
1 gram of the hypotheticnl fuwl sample should be dAiluted with lso-
octane to 1 liter or thu equivalent dilution made.

The absorntinn spectrum -~ extinction plotted against wavelength -
for the aromatic zmine, as deotermined fcr the diluted fuel semple
rolative to an unltraviolet-light-transrarent sclvent, mcy be repre-
sented by curvo A In the followlng figure:

-gr—'—r—-—r- T 2] i ———
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7 / ~ . S

Extinction, E
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3 2
o
—
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The absorption spectrum of the ultraviolet-absorbing substances in
the same solution may be represented by curve B. (In general, aro-
matics absorb about one-tenth as much in the reglon of 2750 to

2300 A as do equal amounts of arcmatic amines in the region of

3050 to 2800 A; olefins absorb much less; thu absorption by the
ethyl-fluid dye and other components would probebly be sntirely
negligible at the 700-fold dilution.) Because optical extinctions
are add.tlve, the resultant absorption of the dlluted hypothetical
fuel sample wlll be curve C.

When the aromatic amine is extracted from part of the fuel
sample with aqueous acld, the abscrption of the solution from which
the amine was removed corresponds to curve B. When the oextinction
of the unextrceted solutlions is measured relative to the extracted
solution at any wavelength using absorption cells of matched length,
the extinctlon of the aromntic emlne in tle fuel can be measured;
the arumatic amine, therefora, can be determined dAirectly in spite
of the presence of aromatics and olefins.
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APPENDIX B
VAVELENGTHS USED FOR ANALYSIS AND SPECIFIC-EXTINCTION DATA
FOR 27 AROMATIC AMINES TN TSOOCTANE

Scte of thres wavelengths used for the gquantitetive analysis
of eath of 27 arometic amines in fuels and the specific extinctlonas
for cach amine taken from the curves of reoforence 4 are listed Iin
table 6. Tho three wavelengthe arbitrarily choson lie at approxi-
matoly 25 A intorvals near the a‘bsorption-band. meximm for ench
aromatic- amine.

The quartz-prism ultraviolot spectrophotometer was used to
obtain these datu. The slit wildths were adjusted to 0.3 millimeter.
The tomperature of the aromatic amins solutions was approximately
250 C. The simple arometic amines wore better than 99 percent pure;
the purlty of aromatic aminws from which lsomers ars difficult to
soparatc was less; most of the aromutic nmines listed wero better
than 95 percent purc.

‘The extinctlion data listed are not rvcormondad for uso as
accurate standards ror annlysis murposes bocause other spoctrophotom-
eters may yleld differcnt svoecific extinctions.for tho same aromntic
amine owling to diffurencss in tho resclution of other instrumcnts,
ag woll as differencus 1n thu smount of strny light. For oxample,
with the quartz-prism spectrophotamoter, n specific oxtinction of
17.2 liters vper gram-contimotor was obtained for p-toluidine in iso-
octane at 2930 A, whereas = valus of 15.4 liters por gram-centlmeteor
wrs obtalnod at this lecboratory with a 1.5-mecter concave-grating
spectrograph using photographic techniquus. The list may be used,
howover, as a guide for the selection of approprizte wavelongth
sottings for tho snalysis of individual aromntic amines and for
approximate ostimations (110 percont) of the magnitude of ubsorption
for an amine.

Tho data are grouped in familles of structurally related aro-
matic amines. Related compounds will be obsorved to have their
maximm absorption at apnroximately the same wavelongth.
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TAELE 1. - PRECISION OF SPECTROPHOTOMETRIC MEASUREMENT OF

EXTINCTION -

VALIDITY OF BEER-LAMBERT RELATTONSHIP

Concentration of
technlcal xylidines

Reatlo of
xylidine

Wavelength, A

2925 2900 2875
{.in isooctane eoncen-
(gram/11iter) tration | E) k E | k Ey\ k
0.00996 1 0.165{16.57]0.171}17.18{0.1685|16.92
.01992 2 .332116,68) .343|17.23| .338 |16.97
.03984 4 .660:16.58| ,684(17.18| .6745]17.05
.0498 5 .826116.60) .860¢17.28 ,8455]16.99
.0996 10 1,584115.90|1.631{16.39{1.603 16,10
Average value of k for Eh ----- 16,61 |-~~-~ 17.22 <=~ 16.98
values less than 1.0
Mean deviation of k from |.---- 0.26 |====~ 0.22 |======~ 0.22
averags for E)\ valuos
less than 1.0, porcent

National Advisory Committee

for Aeronautics




TABLE 2. - FFFECT JF FUFL COMPOSITION JF SPECTFIC “XTINCTIONES JOF ARTMATIC AMINE MIXTURE 1

[Aro._atic amine mixture 1 consisted of aporoximately egual w-izhte of the fellowing

aromatic amines: K-etlylanilins; §,¥-dlevhylanllin:; N-butylanilina;_g-toluidinc.] '
Vave- Solvent® lAvsrage’Mban devi- |
length Isooctane cycloh*xane’Tol'ene|Diisobutylsne.AN-F-28 kK ,atio? of
(a) Jfucl tky values
l s
Original concentration of amins mizture in frem aver-
golvont, percint by welgkt age k)
1.712 | 1.47 : L.246 |  1.662 ! 1,505 | (percent)
Specific extinctions, k, | ! H
T } H }
2800 | 11.88 11.71 11.87 | 12,11 [ 11.98 [ 11.91 | 0.94
2825 | 13.21 15.27  113.23 | 13,32 | 13.33 | 13.27 .30 :
2830 14£.5¢4 14.99 14.54 14.538 | 14.63 § 14.57 I .21 3
2875 15.52 15.65 1~.51 1c.54 E 15.75 ¢ 15,59 | .04 ;
2000 16.05 1€.2C 12,11 135.1C I 16.22 | 16.13 | .38
2925 18.20 ‘ 16.28 15.26 | 13,25 16.33 15.26 | .18 ! '
2950 | 15.90 16.02 |15.96 | 15.90 | 16.98 {15.97 | .39 |
2970 14.85 15.03 14.87 15.00 i 14.99 | 14,95 i 47
3000 13.22 13.30 13.26 13.39 i 13.30 | 13,29 ! .33
Avar- |ec—vemmmn [ rmmc e e m e | -------------- i W42
aue L i |

3Tgooctane solvont was S-3 reforenco fuel; 8-3 roference fuel wus usod in

making all dilutions.

Cyclohexnano, toluone, and diisobutylene were

toohnical products. AN-F-26 fuol is grado 100/130 aviation fuol.

Nationnl Advisory Committes
for Aercnautiocs
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TABLE 3. - EFFECT OF FUEL COMPOSITION ON SPECIFIC EXTINCTIONS OF AROMATIC AMINE MIXTURE 2

[Aromatic amine mixture 2 consisted of equal volumes at 25° C of the following aramatic
emines: N-ethylanilina; N,R-diethylaniline; N-butylaniline; o-toluidine; carvacrylemine
(5-1sopropyl-2-methylanliline). | :

Wave- | Solvent? Average!Mean devi-
length7go0ctane |Cyclohexane [Tolvenc [Diisobutylene | AN-F-28; X) |ation of
(1) : | Puel k) values
Jriginal concsntration of amine mirture in from aver-
L solvent, percent by weight age Ik,
1.617 | 1.419 | 1.274 | 1.551 | 1.554 (percent)
Specific extinctiing, k}\
f i ’
2500 12.42 12.42 12.40 12.60 12.46 | 12.46 C.45
282C 13.86 13.88 13.90 14.04 13,80 ! 13.90 43
2850 15.20 15.2% 1c.15 15.35 15.19 | 15.23 .38
2875 16.06 16.14 16.03 ' 16.13 15,98 : 16.07 » 35
2900 16.38 16.50 16.35 16.3% 16.31 | 16.38 .31
2925 16.20 16.2% | 18.14 | 16.20 16.05 } 16.17 36
2950 15.52 15.58 15.45 15.58 15.40 | 15.51 .41
2975 13.86 14.04 13.86 13.96 13,84 | 13,91 .50
3000 11,74 11.84 11.79 11.98 11.70 | 11.81 .69
Nl e B el e e S 44
age

&Yscoctane solvent was S-3 refercnce fucl; S-3 roforence fuol wus used in
making all dilutions. Cyclohoxane, tolueno, and diisobutylens wore
technical products. AN-F-28 fucl is grade 100/130 aviation fuel.

Natlonal Advisory Committue
for Asronautics
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TABLE 4. - ANALYTICAL PRECISION FOR p~CUMIDINE

IN TYPICAL FUBEL BLEND

Welghed Concentratlions determined|Average Devlation
conoentra- |spectrophotametricaliy at|experl- betweon
tion of each of three wavelangtha|mentally Jweighed
amine in (percent by welgit) determined |and deter-
Y ed ccnoen- mined con-
ao]a.ﬁ:ion Wavelength, X tration centration
(percent (a) (pevcant (percent)
by welght)| 2900 2926 | 2050 |by welght)
0.383¢& 0.364 0.364 | 0.364 0.3640C 0.11
3596 358 .358 ' ,.358 3580 45
. 3468 549 .349 ° ,349 . 54120 .63
.3788 380 l 3r0 L 37 3703 .13
.3700 372 | .372 . ,37C 3713 .35
3704 . 369 1 3G9 | J3RG 2387 .46
.3hh2 LSEH 68 . 555 . 3650 .05
.3920 .80 +# 391 . 390 | 3303 .43
3028 o4 35S 352 1 JARAT .28
.3748 373 373 373 Y L3730 .48
. 3628 361 J3RL « 359 3503 41
Mean dovie |~w~ecece | wocae—a cemmrmn [ ———— .34
ation,
porcent
s

for Aeronsutics
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TABLE 5. - ANALYTICAL PRECISION FOR AROMATIC AMINT MIXTURES IN VARIOUS HYDROCARBON SOLVENTS

lWelghed |Comcentration® detormined aAverage |Deviation

E—

lconcentra- sp=ctrophot metrically atjsxperi- between
sticn of I:1:'.1E‘foare~nt wavclengths mentally [welghed
!amine in ¢+ (percent by weight) determined jand detsr-
| prepared Y concen- |[mined con-
solution wavel ???b : tration centration
(percent | _ - (percent | (percent)
|y welght): 2875; 2900' 29251 2950 }by weight)
|
Arcmatic amine mirxt:rs 1b in I 1
various hydrocarbon solvents:: ! '
Isooctans [ 1712 feeeeo 1.721j1.719l1.729 | 1.720 0.47
Cyclohexane 1.418 |------ 1,41011.416}1.413 1.413 .35
Dilacbutylene IS SCRN PR 1.60.,{1.668311.668 | 1.665 .18
AN-F-28 fuel Y- [T e— l1.58411.53e]1.584 | 1.586 | .56
a T 1
Aromatic amine mlxtures 2% in :
various hydrocarbon solvents: I
Isooctane 1.617 i 1.614ll.614 1.611(|-==-=-- 1.613 0.25
Cyclohexane 1.412 i 1.409)1.40511.409)-v===- 1.408 .78
Diisobutylanse : 1.531 . 1,721'1,531{1.525!---n-- 1.528 .33
AN-F-23 fuel P 1.554 i 1.559,1.558(1.583|-~~-== 1.56C .39
1 ! l —
I Mean d:viation, psrcent = |--—mee-a-s : ------ : .......... i_..---.T ---------- c.41

B'Calc’:la.tion of concentraticne based on specific extincti-ns for aromatic emine mixture
blanded with toluene and dilutsd with is-octane.

bAram.atic amine mixture 1 conelsted of approximately equal weights of thc following aromatic
amines: N-ethylaniline; N,N-diethylaniline ; N-butylaniline; o-toluidine.

CAromatic amine mirtire 2 consistsd of equal vol-mss at 252 C of the following aromatic

amines: N-ethylaniline; N ,N-diethylaniline; N-butylaniline; o-toluldine; carvacrylamine.

sationes Advisory Committes
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TABLE 6. - WAVELENGTHS USED FOR ANALYSIS AND SPECIFIC~-EXTINCTION VLUES

FOR 27 AROMATIC AMINES IN ISOOCTANE

-~ [Beckman quartz-prism spectrophotometer Model DU; slit width, 0,3 millimeter;
* hydrogen discharge lamp; absorption-cell length, 1 centimeter; concentra-
tions of aramatic amine in isooctane, ebout 0.05 gram per liter]

1 2 3
Wave- a‘Speo:lf:l.o Wave- aSpeoific Wave- {®Bpecific
length | extinc- |length| oxtino- lisgth extino-
A tions A ticna tions
Aramptioc amine () kk. (A) kk (A) kA
(1iters/ (1iters/ (Liters/
gram-cm) gram-om) gram-cm)
PAniline 2840 18.5 2880 19,0 2920 16.7
bN-Methylaniline 2925 21.0 2950 21.3 2975 20.4
1"I\T-]I.‘b]:nyla.n:l.l‘.Ln.e 29285 18.0 2950 18,3 2975 17.9
| N-Propylaniline 2925 15,7 2950 16.1 2975 16.0
i+ N-Isopropylaniline 292n 14.9 ! 2950 15.2 2975 15.0
| ¥
hN-Butylaniline 2925 14.3 | 2950 14.7 2975 14.4
N-tert-Butylaniline 2925 10.4 « 2950 10.4 2975 10.2
bN,N-Dimethylanilinu , 2950 18.7 2975 19,0 3000 18.8
N,N-Diethylaniline 3000 1s.0 3025 1s8.2 3050 15.7
o-Toluidine 2850 20.8 2875 20.2 2900 18,8
?Q-Ethylaniline 2850 18. 2875 18.4 2900 17.2
o-Isopropylaniline | 2850 18.9 i 2875 17.0 2900 15.9
?E-Tolnidine i_gaso 16.3 {72875 17.0 2900 16.8
P-Toluidinc 2900 1l6.5 ;72930 17,2 2960 15.8
Pp-Ethylaniline 2900 | 14.5 2925 | 15.1 2950 | 14.8
Pp-Isopropylaniline 2900 13.6 2925 13.7 2950 13.2
P-tert-Butylaniline 2875 11.7 2900 11,9 2925 11.7
N-Muthyl-p-toluidine 2975 17.3 3000 17.8 5025 17.6
N-Ethyl-p-toluidine 3000 15.6 3025 15.9 3050 15.4
N—Isopropylﬁg-toluidine 3000 15.4 3025 13.7 3050 13,6
2,4-Xylidine T 2900 18.6 2925 19.1 2950 18.86
2,4-Disthylaniline 2900 15,2 2925 15.4 2950 14.7
2,5-Xylidine 2850 19.3 2975 19,9 2900 19.8
2,6-Xylidine 2850 17.2 2875 17.9 2900 17.8
Xyllidines, tachnical 2875 17.0 2900 17.2 2925 16.6
II-Mothyl-2,4-xyl.dine 2950 18.8 2375 16.3 3000 18.9
Mesidine 2875 17.5 2900 18.0 2925 17.8

8The values of ky are rounded off to three significent figures.

bI'hesa arcpatic amies wore better than 9¢ percent pire
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